Distances and near-infrared luminosities of the brightest galaxies in the Local Volume have been re-evaluated in order to gain a fully homogeneous collection of data for elucidating the framework of the Local Sheet and its relevance to Local Group evolution. It is demonstrated that the Local Sheet is both geometrically and dynamically distinct from the Local Supercluster and that the evolution of the Sheet and Local Group were probably interconnected. The Sheet is inclined by 8
INTRODUCTION
Galaxies are organized into an expanding cosmic web of filamentary and sheet-like structures bounding volumes which are largely devoid of matter. However, very little is known observationally about the structure of structures and its linkages to galaxy evolution because it is difficult to constrain accurate relative positions of constituents from a distant vantage point. The Local Sheet, a structure of which we are a part, offers an opportunity for advancement owing to our perspective from within and the proximity to measure reliable distances to members directly.
Any study of local structure must start with a volume-limited sample of galaxies. Efforts to construct such a sample began with the definition of the Local Volume (Kraan-Korteweg & Tammann Nusser 2010) . At a certain level, it is the proximate manifestation of the Local Supercluster, whose existence was in fact established in part using the most luminous members of the layer (de Vaucouleurs 1953) . However, models of the local velocity field seem to require that the Local Group be housed in a flattened body of galaxies distinct from the Local Supercluster (Klypin et al. 2003) . Indeed, it has been argued that the supergalactic arrangement of nearby groups in the plane of the sky is evidence for such a body (de Vaucouleurs 1975) . Also, peculiar velocities of galaxies show a sharp discontinuity at a distance of about 7 Mpc (Tully et al. 2008 ). Studies of local structure are traditionally anchored to the supergalactic coordinate system, but whether or not this is the appropriate framework to adopt has not been examined thoroughly.
Any local flattened structure distinct from the Local Supercluster ought to be traced most reliably by its most luminous members, because they pinpoint the location of the largest concentrations of dark matter. Consequently, to isolate such a structure and elucidate its character, this paper focuses on carefully mapping the distribution and properties of luminous spiral and elliptical galaxies in the Local Volume. The framework is vital for guiding studies of the dwarf population locally (Fingerhut 2012) , results from which will be presented separately.
SAMPLE
A sample of luminous galaxies in the Local Volume was constructed primarily from the LVC. For a galaxy to be included in the sample, it was required that the tabulated absolute magnitude in B be equal to or brighter than −18.0. The adopted luminosity cutoff is fully 3 mag brighter than the median absolute magnitude of galaxies near the edge of the LVC (8 to 10 Mpc). This means that LVC selection criteria, not survey detection thresholds, determine the representation of galaxies. Furthermore, the cutoff is comparable to the brightness of the largest dwarfs (e.g., the Large Magellanic Cloud). Thus, it is faint enough to ensure that true giants, as defined by stellar mass, are completely sampled, even accounting for possible errors in LVC distances or biasing of blue luminosities by star formation.
A total of 56 galaxies in the LVC satisfied the brightness criterion. Added to the sample were the M33-like spiral NGC 300, which was listed in the LVC as being slightly fainter than the absolute magnitude cutoff, and NGC 1023, NGC 4631, and NGC 5023, which modern distance determinations seemed to place within 10 Mpc. Thus, the final sample was comprised of 60 galaxies. After re-evaluating all distances and brightnesses, 7 galaxies proved to be fainter than the absolute magnitude cutoff, and 6 lay beyond the nominal distance limit.
Sample galaxies are listed with their properties in Table 1 , and the sources of the observations underlying the tabulated parameters are identified in Table 2 . All distance-dependent quantities are anchored to the nuclear maser distance for M106 ). Details about the origins and usage of tabulations are given in the sections to follow. Listed uncertainties, which are standard deviations, account for all random sources of error, but they exclude the error in the distance zero-point (where relevant) because it is systematic. Thus, the errors reflect how uncertain a property of one galaxy is with respect to that of any other.
METHOD

Motions
To study the kinematics of the Local Group with respect to neighbouring galaxies, the heliocentric line-of-sight velocity of each galaxy was adopted, whenever possible, to be a published measurement of the systemic velocity derived by fitting a map of the internal velocity field. Measurements made this way were preferred to those from integrated spectral line profiles because they are less susceptible to perturbation by asymmetries in the spatial distribution of matter, particularly in the case of neutral hydrogen.
For galaxies beyond the Local Group, the heliocentric velocity was corrected for local expansion using a value for the Hubble constant founded upon infrared observations of Cepheids and a period-luminosity relation anchored to the distance of M106 . After accounting for the recent revision to the maser distance to M106 , the following value for the Hubble constant was adopted: H0 = 71.6 ± 2.9 km s −1 Mpc −1 . To place a velocity in the frame of reference of the Local Group, the reflex motion of the Sun with respect to the the luminosity-weighted centroid (in Ks) of the Local Group was removed using modern determinations of the motion of the Sun with respect to the Local Standard of Rest (Schönrich et al. 2010) , the orbital velocity of the Local Standard of Rest about the Milky Way (McMillan 2011; van der Marel et al. 2012) , and the orbital motion of Andromeda with respect to the Sun (van der ) after appropriately correcting the tangential component for the revision to the distance to Andromeda presented in Table 1 . For kinematic studies of galaxies beyond the Local Group, each interacting pair (Maffei 1 and 2; M81 and M82) was regarded as a single unit moving at the luminosity-weighted mean velocity of its constituents.
Internal ordered motions were characterized by the rotational velocity in the plateau of the rotation curve. When possible, this was judged from a published fit to the internal velocity field. However, for NGC 5068 and E274-G001, the rotational velocity had to be gauged from the HI line width at 20% of the peak flux, and for M74 (NGC 628) , which is almost face-on, the rotational velocity was estimated from the absolute magnitude in Ks using the TullyFisher relation.
Orientations
The orientation of each sample galaxy, i.e., the tilt of the spin axis relative to the line of sight and the position angle of the line of nodes, had to be constrained to correct magnitudes for internal extinction (in the case of a disk galaxy), to correct the apparent rotational velocity for projection, and to evaluate the direction of the angular momentum vector of the optical disk. In this paper, the position angle is measured east from north to the nearest limb, and thereby takes on values between 0
• and 180
• . For a disk galaxy, one gauge of tilt is the ratio of the semiminor to the semi-major axis of the disk, better known as the axis ratio. It was established where possible from the outermost isophotes of the deepest optical maps of surface brightness in the reddest possible passbands, and otherwise from the compilation of HyperLeda . The corresponding tilt was derived assuming that disks are oblate spheroids with an edge-on axis ratio q0 dependent on the Revised Hubble Type T as follows: q0 = 0.20 −3.5 < T < 3.5 (1) = 0.13 3.5 ≤ T < 9.5 = 0.57 9.5 ≤ T Staveley-Smith et al. 1992 ; see also Verheijen 1997) . Also, where possible, independent estimates of tilt were acquired from extant fits to maps of velocity fields. A critical assessment of photometric and kinematic determinations was made for each galaxy, and an appropriate value of the tilt of the optically visible extent was adopted after taking into account such factors as passband, spatial coverage, obscuration, morphology, distortions, interactions, and the tilt itself. Generally, an isophotal tilt was preferred for galaxies viewed close to edge-on (tilt > 80
• -see Verheijen & Sancisi 2001) , and a kinematic value was preferred for galaxies close to face-on (tilt < 30
• ). In between, usually an average was adopted, in which case the uncertainty was taken to be half of the difference between the preferred photometric and kinematic values. Major axis position angles were similarly estimated from optical photometry and velocity fields, but with no restrictions on kinematic measurements. Photometric and kinematic estimates of orientations are summarized in Table 3 , and adopted values are summarized in both Tables 1 and 3 . Sources of observations are provided in Table 2 .
Depending upon tilt, there are two or four possible orientations of the angular momentum vector for any given axis ratio and position angle. For each disk galaxy, the ambiguity was broken by identifying the direction of rotation of the limb specified by the position angle of the line of nodes as well as the top or near side from the handedness of the winding of the spiral arms or, for a few highly inclined systems, the pattern of obscuration (Kapranidis & Sullivan 1983) . For a few predominantly spheroidal systems, the orientation of the angular momentum vector for the main body could be established from the kinematics of old stellar components (planetary nebulae in the case of Centaurus A: Wilkinson et al. 1986; Hui et al. 1995; Woodley et al. 2007) . Codes conveying the direction of rotation and the handedness of the spiral pattern (or the dustiest side of the disk) are provided in Table 1 next to the position angle and tilt, respectively.
The directions of the derived angular momentum vectors are given in Table 1 in a coordinate system anchored to the Sheet. With respect to positions mapped by Kapranidis & Sullivan (1983) for 20 galaxies in the sample (excluding NGC 247), the corresponding supergalactic positions differ on average by 11
• . The largest discrepancies occur for galaxies which are heavily obscured and/or close to face-on. Results presented in this paper ought to be preferred because they benefit from more modern constraints on tilts and position angles. In the case of NGC 247, it appears that Kapranidis & Sullivan (1983) misidentified the receding side.
For some galaxies, tilted-ring models of HI velocity fields have enabled evaluation of disk orientations far beyond the extent of the stars. Generally, results are comparable to those found for optically visible matter. However, there are some galaxies for which the tilt appears to vary quite substantially with radius, indicative of a warp (e.g., the Circinus galaxy, for which the tilt drops from 66
• to 47
• over the radius range 10 to 25 : Curran et al. 2008 ). For such objects, it is conceivable that the spin axis derived for the optical disk is not aligned with the spin axis of the dark matter halo, although it is also possible that an interaction has distorted the outer velocity field. Tilts and position angles presented in Table 1 and the angular momentum vectors which follow from them are quite homogeneously conveying the orientation of baryonic matter within the visible extent of the sample galaxies, but are not necessarily conveying the orientation of dark matter beyond. Note, however, that for galaxies for which the radial variation of tilt has been mapped, the rotational velocity in the plateau of the rotation curve (V flat in Table 1 ) was determined using a tilt appropriate for that radial domain.
Extinction
Any structure of which we are a part spans the entire sky, so obscuration by dust in the Milky Way varies drastically across it. Without accommodating for the effective wavelength shifts afflicting broadband photometry, significant systematic errors in distances and luminosities can arise for targets heavily-obscured by dust (McCall 2004) , be they galaxies at low Galactic latitudes or even Cepheid variables inside galaxies at high Galactic latitudes. Corrections to the apparent colours and brightnesses of standard candles and of the galaxies themselves were evaluated using the York Extinction Solver (YES: McCall 2004) . First, the optical depth at 1 µm was derived for a spectral energy distribution (SED) characteristic of the probe of reddening. Then, the extinction was evaluated using a SED characteristic of the target to be corrected. Motions of the probe and target were accommodated by shifting SEDs in wavelength by amounts consistent with heliocentric velocities. K-corrections for the targets were determined simultaneously with the extinction. For tilted spiral galaxies, the extra extinction over face-on due to internal dust was estimated self-consistently using an algorithm constructed from observations of colours as a function of tilt (McCall 2004) .
Except for the LMC and SMC (which were employed in the calibration of standard candles), all extinction analyses, Galactic and extragalactic, were founded upon a monochromatic reddening law generated from the algorithm of Fitzpatrick (Fitzpatrick 1999) . Through an appropriate choice of parameter, the law was tuned to deliver a ratio of total to selective extinction AV/E(B − V ) equal to 3.07 for the spectral energy distribution of Vega upon integration over B and V passbands (McCall 2004 ). This value is appropriate for the diffuse component of the interstellar medium of the Milky Way (McCall & Armour 2000) , of which most of the dust obscuring extragalactic targets should be a part, and similarly should be characteristic of internal extinction in other galaxies with disks like that of the Milky Way. For the LMC and SMC, corrections for obscuration by internal dust were accomplished using reddening laws directly measured for those environments (Gordon et al. 2003) .
For galaxies situated 10 • or more away from the Galactic plane, optical depths due to dust in the Milky Way were derived from an all-sky map of the B − V colour excesses of elliptical galaxies (Schlegel et al. 1998) . Individual determinations of optical depth were made for the most heavily obscured galaxies using HII regions ( Maffei 2 -Fingerhut et al. 2007; IC 342 -Fingerhut et al. 2007; Circinus -this paper, using Oliva et al. 1999) , the Mg 2 index (Maffei 1 -Fingerhut et al. 2003 1 -Fingerhut et al. , 2007 , or colours of lightly obscured analogues (Dwingeloo 1 -this paper). More comprehensive discussions of the extinction analyses and their impact on distances and luminosities are provided elsewhere (McCall 2004; Fingerhut et al. 2007 ).
Near-infrared Magnitudes
The Tully-Fisher relation for spirals and the Fundamental Plane for c 0000 RAS, MNRAS 000, 000-000 ellipticals suggest that relative total masses of bright galaxies can be judged from stellar masses. To be a reliable proxy for stellar mass, the luminosity of each galaxy was characterized in the infrared, where it is not very sensitive to the star formation rate. Corrections for obscuration by internal and external dust were minimized by focussing on 2.2 µm (Ks), the reddest infrared passband for which data were readily available for most galaxies in the sample.
For all but three galaxies, apparent magnitudes in Ks were derived from 2MASS observations (Jarrett et al. 2003; Skrutskie et al. 2006) . Better measurements were available for NGC 1569 ) and M82 . The magnitude for the Milky Way was estimated indirectly from its rotational velocity using the Tully-Fisher relation in Ks for galaxies in the Ursa Major cluster, which was constructed self-consistently for this paper ( §3.5.7). Apparent magnitudes in B and V , which were needed to correct Ks magnitudes for imperfections in 2MASS photometry, were preferentially adopted from modern digital imaging studies.
Magnitudes from 2MASS for galaxies with low surface brightnesses are known to be systematically too faint (Kirby et al. 2008) , and even measurements for bright galaxies are compromised by the finite extrapolation radii. Furthermore, 2MASS magnitudes for objects spanning two or more survey strips or in crowded fields are suspect. This is evidenced by the large deviation of Andromeda from the Tully-Fisher relation in Ks. To flag and correct deficiencies in 2MASS measurements, the relationship between the fully corrected colours (V − Ks) 0 and (B − V ) 0 for the Local Volume sample was compared with that for a set of reference galaxies with impeccable independent near-infrared photometry ( Figure 1 ). Since total magnitudes in B and V are generally more robust than those in 2MASS Ks, it was expected that flaws in the Ks magnitudes would be revealed as deviations in (V − Ks) 0 from the norm for (B − V ) 0 . The fiducial colour-colour relation was established using deep near-infrared and optical observations of a reference sample of galaxies spanning the Hubble sequence with apparent sizes small compared to the imaging arrays (de Jong & van der Kruit 1994; Gavazzi et al. 2003; Eisenhardt et al. 2007 ). To minimize uncertainties arising from corrections for internal extinction, spirals were required to have tilts close to face-on (b/a > 0.625: see de Jong & van der Kruit 1994) . As shown in Figure 1 , (V − Ks) 0 is linearly correlated with (B − V ) 0 across the Hubble sequence. Allowing for uncertainties in both coordinates, the line which best fits the reference sample is given by
with the vertical dispersion being only 0.22 mag. A collection of highly-inclined spirals in the Ursa Major cluster (Verheijen & Sancisi 2001) displays precisely the same trend, verifying the reliability of the algorithm employed to correct disk galaxies for internal extinction.
Values of (V − Ks) 0 for Local Volume galaxies proved to be systematically shifted blueward of expectations by 0.20 mag. Thus, all 2MASS Ks magnitudes were brightened accordingly. Even then, some galaxies remained as blueward "dropouts" (by 2.3 mag in the case of Dwingeloo 1 -see Figure 1 ), showing that their Ks magnitudes were still too faint. For the 15 galaxies showing (V − Ks) 0 straying blueward of the fiducial relation by more than 2σ, Ks magnitudes were additionally adjusted by an amount equal to the deviation. In other words, the Ks magnitude for each was derived from the V magnitude by using Equation 2 to evaluate the V − Ks colour expected for its observed B − V colour. Figure 1 . (V − Ks) 0 versus (B − V ) 0 for galaxies across the Hubble sequence. Colours are corrected for Galactic extinction, internal extinction, and redshift. Galaxies in the reference sample, for which Ks magnitudes were measured independently from 2MASS, are identified with crosses. The fit and 2σ confidence limits are displayed as solid and dashed lines, respectively. Highly-inclined galaxies in the Ursa Major cluster, which are marked by red squares, show precisely the same trend, verifying the integrity of internal extinction corrections. Galaxies in the Local Volume sample, for which Ks magnitudes were measured by 2MASS, are marked with blue circles. Near-infrared colours for Local Volume galaxies deviate blueward of the locus defined by the reference sample, showing that 2MASS magnitudes for them tend to be too faint.
Distances
Overview
Catalogued distances for nearby galaxies are compromised by inhomogeneous approaches to analyses and imperfect alignment of the zero-points of different indices ). To come to definitive conclusions about local structure, it is imperative that these problems be eliminated. Thus, distances (and, in turn, luminosities) for this paper were derived from first principles. Required foundational observational parameters for the galaxies and their constituents were extracted or measured from published data.
For distance determinations, preference was given to four techniques founded upon stellar constituents: (1) the periodluminosity (P-L) relations for Cepheid variables in V and I; (2) the luminosity cutoff for planetary nebulae (PNe) in the light of [OIII]λ5007; (3) the characteristic luminosity of fluctuations in surface brightness (SBF) in I; and (4) the luminosity of the tip of the red giant branch (TRGB) in I. For galaxies lacking measurements of stellar constituents, distances were determined from the Fundamental Plane or the Tully-Fisher relation.
First, distance scales for stellar constituents were unified with the Cepheid scale. This was accomplished through pairwise comparison of distances to galaxies for which more than one technique could be applied. To this end, the Local Volume sample was augmented with HST Key Project Cepheid calibrators ) and several galaxies of low metallicity for which good distances were derivable from multiple techniques (LMC, NGC 3109, SMC, WLM). Finally, all scales were shifted equally to bring the mean distance of M106 (NGC 4258) into coincidence with its distance of 7.60±0.23 Mpc derived from nuclear masers ).
Cepheid P-L relations in V and I were adopted to be those of LMC Cepheids as defined by the OGLE II project ), but after appropriately correcting (via YES) the zero-points for a systematic error in the mean extinctions ). To avoid a bias in galaxy mass or metallicity, the evaluation of the slope of the metallicity dependence of Cepheid distances was based solely upon a comparison of uncorrected distances from Cepheids with distances from the tip of the red giant branch, which was possible for 18 galaxies.
To bring zero-points for the other stellar indicators on to the Cepheid scale, and to solve for the dependence of the PNe luminosity cutoff on metallicity, an analysis was made of 127 independent distance estimates for 34 galaxies for which distances could be derived by more than one of the stellar methods. The difference in distance moduli for every distance pairing possible for every galaxy (a total of 73 pairs) was computed, and the sum of the squares was minimized. Distance moduli flagged as leading to differences exceeding 0.3 mag in absolute value (2σ for the final fit) were pinpointed and rejected.
After aligning scales, the unweighted mean of the four distance moduli for M106 (NGC 4258) came out to be 0.124 ± 0.112 mag below the geometrical value derived from nuclear masers ). The uncertainty here accounts for the error in the mean stellar distance (0.091 mag) and the maser distance (0.066 mag). Zero-points for the stellar indicators were adjusted accordingly to deliver distance moduli on the maser scale. For the LMC, the resultant mean distance modulus was 18.47 ± 0.13.
Distances to 52 of the sample galaxies could be derived from one or more of the stellar techniques. Distances to galaxies for which more than one technique could be applied were computed by averaging unrejected moduli with no weighting. The distance to the centre of the Milky Way was adopted to be 8.29 ± 0.16 kpc based upon a modern synthesis of extant measurements . For the remaining seven galaxies, distances were derived from an updated version of the Fundamental Plane for ellipticals in I (Maffei 1) or new constructions of the Tully-Fisher relation in V (NGC 3344, Circinus) or in I (NGC 672, Maffei 2, Dwingeloo 1, and NGC 2903).
Cepheids
The adopted P-L relations for Cepheids were
where M V,Ceph and M I,Ceph are the absolute magnitudes of the Cepheids in V and I, respectively, and P is the period of variability in days. Zero-points have been adjusted to the maser scale on the basis of the outcome of the pair-wise distance analysis described in §3.5.1. Zero-point errors do not include the uncertainty in the maser distance to M106, which is systematic. For each galaxy with Cepheid observations, apparent distance moduli in V and I were combined to solve for the extinction and the extinction-free distance modulus simultaneously. Extinction coefficients and K-corrections were derived using the spectral energy distribution of a G0 supergiant. The extinction-free distance modulus, µ, was presumed to depend upon metallicity as follows :
Here µtrue is the true distance modulus, ζ is the mean logarithmic oxygen abundance by number (i.e., 12 + log n(O)/n(H)) at the location of the Cepheids as judged from HII regions (in a uniform way), and γ is a constant,. The comparison of Cepheid distances with those from the TRGB yielded γ = −0.180 ± 0.047.
Planetary Nebulae
The luminosity in [O III]λ5007 of the brightest planetary nebulae (PNe) is a constant until the metallicity drops below a threshold . In the past, corrections for metallicity below the threshold have been founded upon the mean oxygen abundance adopted for Cepheids, which has been based upon observations of HII regions. Typically, observed planetary nebulae are distributed differently from Cepheids, and of course come from an older population, so the mean metallicity of Cepheids is not necessarily representative. To determine distances from PNe, it is more sensible to use an index of the mass of the host galaxy as a proxy for metallicity. The index adopted here was the pseudo absolute magnitude in Ks, M Ks , which would be computed from the unextinguished apparent magnitude of the galaxy, mKs, using a pseudo distance modulus, µ , derived from a PNe luminosity limit equal to what would be observed in a high-metallicity system, where it appears to be a constant. Defining m * to be the unextinguished apparent magnitude of the brightest PNe in [O III]λ5007, and M ref Ks to be the galaxian absolute magnitude threshold where the limit becomes sensitive to metallicity, then the absolute magnitude M * of the PNe brightness limit was adopted to be
where M Ks = mKs − µ , µ = m * − zP, and zP and kP are constants. The pairwise analysis of distances described in §3.5.1 yielded M ref Ks = −23.0 ± 0.5, kP = 0.106 ± 0.049, and zP = −4.573 ± 0.042 on the maser scale, where uncertainties are due to random errors only.
Surface Brightness Fluctuations
Absolute magnitudes in I of surface brightness fluctuations, M I, were derived from
where (V − I) bkg is the colour of the galaxy background where fluctuations are measured , and zS and kS are constants. In correcting apparent fluctuation magnitudes for extinction, spectral energy distributions were approximated to be similar to that of an M4 giant. However, the spectral energy distribution of an elliptical galaxy was employed to correct the galaxy background colours. The value of kS was adopted to be 4.5±0.25 , from which the pairwise distance analysis yielded zS = −1.700 ± 0.066 on the maser scale.
Tip of the Red Giant Branch
Absolute magnitudes in I at the tip of the red giant branch, MI,TRGB, were derived from
where (V − I)TRGB is the colour of the tip of the red giant branch , and zT and kT are constants. In correcting apparent magnitudes for extinction, spectral energy distributions were approximated to be similar to that of an M0 giant. The value of kT was adopted to be 0.217 ± 0.020 , from which the pairwise distance analysis yielded zT = −4.053 ± 0.028 on the maser scale.
Fundamental Plane
The I-band fundamental plane for dynamically hot systems was defined using galaxies in the Coma cluster . The distance to the cluster was anchored to the I-band fundamental planes defined by the Leo I Group and the Fornax and Virgo clusters and to the I-band Tully-Fisher relation for HST Key Project galaxies with Cepheid distances ).
Fundamental-Plane and Tully-Fisher distances to the Coma cluster from the Key Project were updated differentially by determining the mean shift in calibrator distances brought about by changes to the extinction, the introduction of K-corrections, and revisions to the P-L relations for Cepheids, and also taking into account revisions to extinction and K-corrections for Coma galaxies. Revised distance moduli from the two methods differed by only 0.003 mag.
The average was 34.753 ± 0.089 on the maser scale, which was adopted to set the zero-point of the Fundamental Plane. On the maser scale, the metric length Re in kiloparsecs of the semimajor axis of the elliptical isophote encompassing half of the total light in I of a dynamically hot system was finalized to be log Re = (−7.74 ± 0.69) + (0.83 ± 0.06) µ e/2.5
where µ e is the fully-corrected mean "face-on" surface brightness within the effective isophote in units of mag arcsec −2 , and σe8 is the aperture-corrected velocity dispersion in units of km s −1 . For the Coma cluster calibrators, the rms scatter in log Re was 0.09 dex .
Tully-Fisher Relations
In constructing Tully-Fisher relations, the amplitude of ordered motions was characterized by the tilt-corrected rotational velocity in the plateau of the rotation curve (V flat ), which is a more reliable gauge of luminosity than the correspondingly corrected 21 cm line width (Verheijen 2001 ). For galaxies whose velocity fields were modeled with tilted rings, the tilt was adopted to be that displayed at radii in the plateau of the rotation curve. Relations in V and I were constructed using disk galaxies for which distances were derived from stellar indicators as described above. Calibrating galaxies were required to have log 2V flat ≥ 2.1, to be tilted by more than 40
• , and to be extinguished by tilt by less than 0.75 mag in I. The V -band relation was established using the same set of galaxies as used for the I-band relation in order to reduce the chance of any systematic error in V -band distances with respect to I-band distances. From 29 galaxies, the following relations on the maser scale were derived :
MI,TF = (−21.656 ± 0.050) Figure 2 . Luminosities of sample galaxies. The index of luminosity is the absolute magnitude in Ks. Galaxies designated as "giants" are highlighted in pink.
The rms scatter of the fits was 0.36 and 0.34 mag in V and I, respectively.
To judge the infrared luminosity of the Milky Way, galaxies in the Ursa Major cluster were employed to define the Tully-Fisher relation in Ks. This sample was selected because of the availability of good near-infrared photometry deeper than that of 2MASS carried out with arrays large compared to the galaxies (Tully et al. 1996; Verheijen & Sancisi 2001 ). Local galaxies were not employed due to the greater uncertainty in apparent magnitudes. To set the zeropoint, the Key Project Tully-Fisher distance to the Ursa Major cluster ) was updated in the same way as that for the Coma cluster. This led to a distance modulus of 31.570 ± 0.121 on the maser scale. Selecting galaxies in the same way as for the Tully-Fisher relations in V and I, the following relation on the maser scale was derived from 18 cluster members:
The rms scatter was 0.29 mag.
Luminosities
Luminosities were computed for sample galaxies from the adopted distances and adjusted fully-corrected Ks magnitudes. The luminosity of the Milky Way was estimated from the Tully-Fisher relation in Ks by adopting V flat to be 226 ± 11 km s −1 . This value was based upon the recent upward revision of the rotation rate at the solar radius van der Marel et al. 2012 ) and a comparison of observed and predicted shapes of rotation curves for the Milky Way Sofue et al. 2009; McMillan 2011) , its look-alike NGC 891 (Sancisi & Allen 1979; , and Andromeda . Figure 2 displays the distribution of absolute magnitudes in Ks for sample galaxies. As seen elsewhere (Karachentsev & Kutkin 2005) , there is a Gaussian-like peak centred around −24.0, with numbers declining for 1.5 mag faintward and then rising again until sampling becomes incomplete. The behaviour suggests that there are two superimposed populations, one luminous and one faint (Binggeli et al. 1988) . In this paper, the focus will be on the peak, namely galaxies with MKs ≤ −22.5. These galaxies will be referred to as "giants".
ANALYSIS
The Local Sheet and Council of Giants
Past discussions of local structure have been guided by a coordinate system which is defined by the Local Supercluster. However, a fit of a plane to the positions of the eight giants and three interacting pairs of giants (luminosity-weighted) within 6 Mpc of the Milky Way reveals an extremely flattened aggregate inclined to the supergalactic plane by 7.
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• 12). Errors here stem from the uncertainties in distances alone. The Sun is perpendicularly offset northward of the mid-plane of the aggregate by 129 ± 4 kpc. Considering all giants individually, the standard deviation σz about the mid-plane is only 233 kpc. The apparent dispersion about the supergalactic plane is 357 kpc, which is 53% higher. The dispersions are negligibly amplified by distance errors.
The plane just defined will be regarded in this paper as the mid-plane of the structure to be called the "Local Sheet". Discussions of the local organization of galaxies will be founded upon a coordinate system whose x-y plane is coincident with the midplane and whose x-axis points along the intersection with the supergalactic plane. This system will be referred to as "Sheet coordinates". Of the sample galaxies within 0.5 Mpc of the x-y plane, 87% are less than 6 Mpc distant. Of the sample galaxies nearer than 6 Mpc, 81% lie within 0.5 Mpc of the x-y plane.
Top and side views of the Local Sheet are presented in Figure 3 . To expose salient features, displays are presented in "rotated Sheet coordinates", i.e., from the perspective generated by rotating the x-axis of Sheet coordinates by 107
• clockwise around the zaxis. By restricting attention to luminous galaxies, and by limiting the region displayed to that part of the Local Volume where giants are most tightly confined, the Figure shows more clearly than ever before the stark contrast between the Local Sheet and its surroundings.
Beyond Andromeda, all sample giants (and most non-giants) within 6 Mpc of the Sun are confined to a narrow annulus encompassing the Local Group. This configuration will be referred to as the "Council of Giants". The Council clearly stands out in Figure 4 , which shows how sample galaxies are distributed over distance from its centre (defined below). Although it is by no means certain that the Council is anything more than an accidental arrangement of galaxies, it is worthy of its name by virtue of definitively limiting the extent of the Local Group's influence. Also, as will be shown below, angular momenta of members expose a degree of dynamical unity.
What is displayed in Figure 3 are all galaxies within 6.25 Mpc of the Council centre. The circle best fitting the Council (handling binaries as before) has a radius of 3.746 ± 0.098 Mpc, where the uncertainty is from a Monte Carlo simulation accounting for random errors in distances only (the systematic error owing to the uncertainty in the distance zero-point is 0.113 Mpc). The fit is marked by a solid pink circle in Figure 3 . The cosmic standard deviation of radial positions is estimated to be 0.48 Mpc after distance uncertainties are removed. The centre of the Council (black cross) is 0.81 ± 0.13 Mpc from the Sun and offset along the Sheet from the centroid of the Local Group (small solid disk) by 1.06 Mpc. The only giant elliptical galaxies, Centaurus A and Maffei 1, sit on opposite sides of the Council, being separated in azimuth by 175
• . Sample galaxies are tightly confined to the Local Sheet out to 4 Mpc from the centre, beyond which they start to become more widely dispersed vertically.
The 3σ edge of the giant component of the Local Sheet is 5.2 Mpc from the centre of the Council, at which position the histogram of distances displays a clear gap (Figure 4) . From this perspective, the 1σ thickness of the Sheet is only 5% of the extent. Based upon a recent friends-of-friends analysis, dwarf irregular members of the Local Sheet are spread over an elliptical area whose boundary ranges 4.8 to 7.0 Mpc from the Council centre (Fingerhut 2012 ).
Relative to Council galaxies and pairs, the velocity of the Local Group along the plane of the Sheet is 11±12 km s −1 away from the Council centre toward −56
• ±70
• with respect to the displayed x direction of rotated Sheet coordinates. The vector is displayed as a thick black arrow in the top panel of Figure 3 . As viewed from the Council centre, the apex of the motion is 47
• from the direction of the Local Group. The Council appears to be in radial equilibrium with respect to the Local Group, because after correction for the Group's translation, the mean of radially projected velocities is only −1 km s −1 , with a standard deviation of 51 km s −1 . Uncertainties in heliocentric velocities and distances account for 20 km s −1 of the spread, so the true velocity dispersion radial to the Council centre is 47 km s −1 . None of the results above change significantly if the Hubble constant is varied within the range of its uncertainty. As seen from the Sun, the velocity dispersion of isolated dwarf irregular galaxies with respect to the Local Group is 35 km s −1 (Fingerhut 2012) , so motions of Council giants may be enhanced somewhat by the gravitational influence of neighbours.
Motions perpendicular to the Sheet are nearly tangential to the line of sight, so they cannot be measured reliably. However, cosmological simulations indicate that they may be just as cold as the radial motions (Fingerhut 2012) . If so, then the time for a typical giant to pass through the Sheet (i.e., 2σz, or 465 kpc) would be 9.6 Gyr, which is a significant fraction of the age of the Universe. The crossing time for isolated dwarfs is even longer (Fingerhut 2012) . Thus, it appears that the galaxies in the Local Sheet have not had enough time to adjust dynamically to the gravitational environment in which they find themselves.
It is possible to determine unambiguously the direction of the spin angular momentum vector for most of the giants in the sample. Figure 5 presents a Hammer projection displaying the directions of the vectors for giants within the Sheet (pink symbols) and beyond (black symbols) in rotated Sheet coordinates. Spin angular momenta for Council giants (solid pink circlets) are aligned around a small circle with a radius of 71
• ± 14
• and a pole which is 38
• ± 20
• above the plane of the Sheet (at supergalactic coordinates (L, B) = (125
• , +41 • )). Rotational angular momenta for the Milky Way and Andromeda (open pink circlets) point to the other side of the sky, the unweighted mean being 34
• away from the antipode. The orbital angular momentum of Andromeda (pink diamond), estimated from the most recent measurement of the proper motion of Andromeda (van der Marel et al. 2012) using the revision to the heliocentric distance presented here, is on the side of the antipode, too, deviating 14
• from the plane of the Sheet. However, because the orbit is nearly radial, this direction is extremely uncertain. Angular momentum vectors for giants beyond the Council (open black circlets) largely follow a great circle tilted by only 17
• ± 13
• with respect to the Sheet plane and 23
• with respect to the supergalactic plane. The three galaxies which deviate have angular momentum vectors pointing close to the poles. No- Figure 3 . The spatial distribution of sample galaxies within 6.25 Mpc of the centre of the Council of Giants. Shown are top and side views in a coordinate system with an x-y plane coincident with the mid-plane of the Local Sheet, which is displayed as a dashed grey line in the lower panel. To optimize clarity, the x-axis of Sheet coordinates has been rotated 107 • clockwise around the z-axis from the direction of the line of intersection with the supergalactic plane. In both panels, all sample galaxies within the spherical volume delineated by the large grey circles are displayed. Galaxies are marked by circlets whose diameters are proportional to the cube root of the stellar mass. Giants are highlighted in pink, and a bold cross marks the centre of the Council of Giants. In the top view, black bars superimposed upon the galaxy markers convey the uncertainties in distance. The luminosity-weighted centroid of the Local Group is noted with a small black disk, and the trajectory of the Local Group with respect to Council giants is conveyed by the attached arrow. The solid pink circle is the fit to the Council of Giants. The inner dashed pink circle marks the edge of the cylindrical realm of influence of the Local Group defined by density matching. The outer dashed pink circle correspondingly marks the outer edge of the density-matched volume of the Council. Curves in blue are the loci of potential maxima as viewed today from the centroid of the Local Group in directions parallel to the plane of the Sheet. Dashed grey lines mark the intersections of the Sheet with the Galactic and supergalactic planes. tably, the unweighted mean spin vector for the Milky Way and Andromeda (open pink diamond labeled "LG spin") points only 13
• from the great circle.
The great circle's north pole, located at (L, B) = (280
• , +67 • ), is far from the small circle's pole, lying 70
• ± 24
• away. Cumulative histograms of the deviations of angular momenta from the pole of the small circle further illustrate the differences between the two distributions ( Figure 6 ). A Kuiper test reveals that the probability that the two samples are drawn from the same population is only 2.3%. In fact, this estimate should actually be regarded as an upper limit because the true nature of the distribution of spin orientations for giants not in the Council is smeared out in the cumulative histogram. What is most important here (and missed previously by Kapranidis & Sullivan 1983) is that the angular momentum vectors of Council giants are ordered in a way which is completely different from what is seen for giants beyond. In this sense, the Local Sheet is dynamically distinct from the Local Supercluster. Angular momentum vectors for dark matter haloes in a sheet are predicted to align with the plane of the sheet (Bailin & Steinmetz 2005; Libeskind et al. 2012) , so the observed spins of giants beyond the Council, and perhaps even the Milky Way and Andromeda, may reflect order associated with flattening on larger scales, such as that of the Local Supercluster. There is a hint that even the Council giants once followed this pattern; the pole of the small circle reflects the mean direction of their angular momenta, and it is located only 20
• ±24
• from the great circle along which vectors for more distant giants are arranged. It is unknown how the present arrangement of Council vectors developed, but one might speculate that it is somehow tied to torquing arising from the embedded asymmetry embodied by the mass distribution of the Local Group (Longair 2008) .
Range and Overdensity of the Local Group
The Council of Giants defines a clear upper bound to the extent of matter which contributed to the formation of the Local Group. In fact, its size can be used to judge the "realm of influence" of the Group and, in turn, the overdensity of the Local Sheet. Suppose that the matter in the Local Group is spread above and below the Sheet in a cylinder around the Council centre having radius RLG. Suppose also that the matter of the Council is dispersed contiguously in a cylindrical shell with the same vertical dimension and extending inwards to RLG from its observed radius RC and outwards by an equal amount to R edge . One might expect R edge − RC to equal RC − RLG if the driver of evolution is gravity. From the standpoint of continuity, there must be a value of RLG within which the density of matter associated with the Local Group matches the density of matter associated with Council galaxies. This radius defines the extent of the volume which could have contributed to the development of the Local Group, as well as the extent of the zone over which the Council prevailed. The ratio RLG/RC is determined solely by the ratio of the mass contained in Council galaxies, MC, to the mass contained in the Local Group, MLG:
It is reasonable to presume that non-giants constitute comparable and relatively small fractions of the mass in the Local Group and the Council (Karachentsev et al. 2004) , so giants alone can be used to judge MC/MLG reliably. However, to do so, the ratio of dark to baryonic mass in the Council relative to the Local Group must be constrained.
The most recent study of weak lensing (Velander et al. 2014 ) has quantified masses for galaxies within the virial radius, i.e., within the radius at which the density of matter exceeds the cosmic average by a factor of 200. The ratio of this "virial mass" to the stellar mass for galaxies with spiral-like colour classes is constant within errors for stellar masses spanning the range 0.2 − 4 × 10 10 h −2 70 M , i.e., over most of the range covered by giant spirals in the Local Sheet (h70 = H0/70 km s −1 Mpc −1 is a scaled value of the Hubble constant). Thus, a fixed stellar mass fraction for spirals is reasonable. There is evidence that the virial-to-stellar mass ratio for galaxies with elliptical-like colour classes does vary slowly with stellar mass over the range 2 − 40 × 10 10 h −2 70 M , but in the mass range of interest here such galaxies appear to have stellar mass fractions comparable to those of spirals. Taken at face value, the results indicate that the ratio of the virial to the stellar mass for Maffei 1 and Cen A should exceed that of the Milky Way by factors of 1.3 and 1.5, respectively. Nevertheless, Velander et al. (2014) caution that such a comparison is precarious because different mass ranges are probed by the two colour classes. As a baseline for this paper, the total mass of every giant has been assumed to be a fixed multiple of its stellar mass. This approximation does not lead to a large error in MC/MLG or in quantities derived from it because the two elliptical galaxies in the Council constitute only 36% of the stellar mass there (see Table 4 ). Note that stellar masses are likely to be better indices of total masses than baryonic masses (i.e., stars plus gas). Baryonic masses under-weight ellipticals relative to spirals because gas expelled by ellipticals is missed. Stellar masses were determined from luminosities in Ks utilizing mass-to-light ratios estimated from chemo-photometric models by Portinari et al. (2004) founded upon the initial mass function (IMF) of Kroupa (1998). Syntheses by Portinari et al. (2004) were chosen because of the careful attention given to asymptotic giants and the realistic construction of composite systems of stars. The Kroupa IMF is superior to that of Salpeter (Salpeter 1955) because it yields synthetic mass-to-light ratios in B, V , I, and K which agree well with the values observed locally for the disk of the Milky Way (Portinari et al. 2009 ). Specifically, stellar mass-to-light ratios were estimated from integrated B − V colours using log Mstars/LKs = −0.298 + 0.73 Figure 3 . For reference, the north pole of the supergalactic coordinate system is marked by a black cross labeled "NSGP". Pink markers and curves highlight features of giant galaxies in the Local Sheet, whereas black is reserved for giant galaxies beyond. Solid pink circlets mark the directions of rotational angular momentum vectors for Council giants. Open pink circlets show them for the Milky Way and Andromeda, and the open pink diamond labeled "LG spin" (215 • , −28 • ) marks the unweighted mean. The open pink diamond labeled "LG orbit" (200 • , +14 • ) depicts the orbital angular momentum of Andromeda. The solid pink curve is the small circle best fitting the locus of spin vectors of giants in the Council. Concentric dashed pink circles outline the extent of the uncertainty in the cone angle. The pole of the small circle (74 • , +38 • ) and its uncertainty are marked by a pink cross and enclosing small dotted pink circle, respectively. The opposite pole and error circle are marked with a pink cross labeled "antipode" and a surrounding dotted pink circle, respectively. Open black circlets depict the directions of rotational angular momentum vectors for giants beyond the Local Sheet, and the heavy black curve is the great circle fitting all but the three close to the Sheet poles. The north pole of the great circle (250 • , +73 • ) and its corresponding error circle are marked by a black cross and enclosing dotted black circle, respectively. For most galaxies, the uncertainty in the direction of the spin vector is smaller than the symbol depicting it. In converting absolute magnitudes to luminosities, the absolute magnitude of the Sun in Ks was adopted to be 3.315 Flynn et al. 2006 ). Fortunately, mass-to-light ratios in Ks do not vary steeply with colour, so despite their uncertainty, relative stellar masses can be computed with some confidence.
Stellar masses for the giant galaxies yield MC/MLG = 2.72 ± 0.54. Then, density matching leads to RLG = 2.56 ± 0.17 Mpc. Correspondingly, the outer boundary of the shell in which the smoothed density of Council giants matches that of the Local Group is at radius R edge = 4.94 ± 0.27 Mpc. Note that errors here do not include the uncertainty in the distance zero-point. In Figure 3 , RLG and R edge are marked by dashed pink circles. Table 4 shows how MC/MLG, RLG, and R edge depend upon input assumptions. Changes are within errors if the stellar mass-tolight ratios are held fixed or if total-to-stellar mass ratios follow the trends suggested by weak lensing. The value of RLG increases by 15% if a spherical geometry is adopted. If the specification of R edge is modified to require that the mass of the Council be distributed equally between a shell with width R edge − RC and a shell with width RC − RLG, i.e., to require the Council to have accumulated just as much mass from beyond RC as from within, then RLG decreases slightly because the density overall must rise in response to the reduced volume of the outer shell. Again, the change is within the uncertainty.
It is possible to estimate the overdensity, ∆, of the Local Sheet, defined here as the ratio of the observed matter density to the mean for the Universe, by comparing the mass of the Local Group with the mass of matter expected within its realm of influence at the background density. To this end, the cylindrical volume through which matter is dispersed is approximated to have height equal to 2RLG. The matter density parameter derived by the Planck consortium (Ade et al. 2013 ) is Ωmh 2 = 0.1426±0.0025 ("Planck + WP"), where h = H0/100 km s −1 Mpc −1 . Thus, within the cylinder, MLG/∆ = (4.16 ± 0.85) × 10 12 M , independent of h. This is close to the mass of the Local Group as judged from timing (van der Marel et al. 2012), which is (4.34 ± 0.54) × 10 12 M after accounting for revisions to the heliocentric distance and total heliocentric velocity of Andromeda (this work) and to the age of the Universe (Ade et al. 2013) . The corresponding overdensity is 1.04 ± 0.25. The overdensity rises to 1.21 ± 0.47 if cosmological simulations are employed to virialize the timing mass .
The estimate for the overdensity does not depend strongly on input parameters (see Table 4 ). Notably, it is insensitive to the choice of geometry. Of course, it would be higher if there were significant amounts of matter beyond the Local Group not incorporated in galaxies (see Fingerhut 2012) . However, the result fits expectations from models of the velocity field of galaxies within 40h −1 Mpc (Klypin et al. 2003) , which predict an overdensity of about unity within 5h −1 Mpc. Most of the light of the Local Group comes from its two giants, so the total mass-to-light ratio in Ks gleaned from density matching is (8.9 ± 1.5)∆ in solar units. For Sheet giants overall, it is somewhat greater, (10.1 ± 1.7)∆, because of the enhanced stellar mass-to-light ratios of the ellipticals. The timing mass for the Local Group implies a total-to-stellar mass ratio for spiral galaxies of 18.5 ± 4.1, which is significantly lower than the value of 43 ± 9 suggested by weak lensing.
Comparing the fraction of the mass of Sheet giants in stellar form with the cosmic ratio of baryons to matter, density matching yields an efficiency of galaxy formation (Ostriker & Naab 2012) equal to (0.365 ± 0.060)/∆. Utilizing the timing mass for the Local Group, the efficiency works out to 0.349±0.077. The estimates must be regarded as lower limits to the true efficiency because gas incorporated in galaxies has not been accommodated. How the estimate for the efficiency derived from density matching depends upon input parameters is summarized in Table 4 .
If all matter within R edge were dispersed evenly across the plane of the Sheet, the surface mass density would be (0.202 ± 0.014)∆ M pc −2 . This corresponds to 0.092 ± 0.027 Milky Ways per square Megaparsec, independent of ∆.
Evolution of the Local Group
The reservoir of matter available to contribute to the development of the Local Group must have been limited by the gravitation of surrounding material. In the upper panel of Figure 3 , blue curves trace maxima in the potential surface described by the gravitational fields of the 14 giants in the Local Sheet as viewed today from the luminosity-weighted centroid of the Local Group. Relative masses were gauged from stellar masses assuming a fixed total-to-stellar mass ratio. Council galaxies, especially the ellipticals, clearly restrict the domain of the Local Group. If mass equivalent to the Local Group giants is placed at the centre of the Council, and mass equivalent to Council giants is uniformly spread around the Council at radius RC, then the potential in the plane of the Sheet peaks at a radius of 2.6 Mpc. This is identical to the radius of the realm of influence of the Local Group derived from density matching. Neither result depends on the mass scale, and sensitivities to relative masses are extremely weak.
Because of the unique arrangement of galaxies in the Council, the two elliptical galaxies would have gravitationally confined any mass concentration in the Council in two orthogonal directions. It is conceivable that galaxies in the Canes Venatici I group (NGC 4736 and NGC 4826) and the Sculptor group (NGC 253) were particularly vulnerable, given that the ellipticals are roughly equidistant.
There is additional, albeit circumstantial, evidence that the development of the Local Group was influenced by local structure. The position vector of Andromeda with respect to the Milky Way is inclined by only 11
• with respect to the Local Sheet. Projected on to the Sheet, it deviates by only 11
• from the axis of the ellipticals. Furthermore, accounting for tangential motion , the current trajectory of Andromeda is is at an angle of only 3
• with respect to the plane of the Sheet in a direction 13
• from the elliptical axis. These observations hint that binarity may have been connected somehow to the existence of the elliptical dipole.
Studies of the spatial anisotropy of dwarfs in the Local Group also suggest a connection with the organization of matter beyond the Local Group (Pasetto & Chiosi 2007; Lee & Lee 2008) . The axis of least dispersion is 29
• from the pole of the Local Sheet, and the potential field inferred from the axis of greatest dispersion suggests that tidal forces are maximized in a direction only 8
• to 15
• away from Maffei 1. The recently-discovered extended array of dwarf galaxies in orbit around the Andromeda galaxy (Ibata et al. 2013; Conn et al. 2013 ) occupies a plane inclined by only 18
• to the Local Sheet. Such a close alignment would be expected if the system were an outcome of an interaction of bodies confined to moving within a pre-existing flattened framework of matter.
Along the line joining the two elliptical galaxies, the potential from Council galaxies (i.e., excluding the influence of the Milky Way and Andromeda) peaks 0.3 Mpc from the Council centre (0.8 Mpc from the centroid of the Local Group). There is a broad shallow minimum in the perpendicular direction. Thus, the centre represents a point of instability. If the Local Group started there, it would likely have moved in the general direction of an elliptical. Indeed, projected on to the Local Sheet, the Local Group is moving away from the Council centre in the direction of Maffei 1 on a trajectory which is only 1
• from parallel to the axis of the ellipticals. However, at the current position of the Local Group, the potential arising from Council giants as they are configured today is 3% higher than at the centre (a barrier of 30 km s −1 ). Also, even after augmenting the translational motion by 3σ, the Local Group would be able to move only 60% of the way from the centre to its present position in a time less than the age of the Universe. Consequently, in a relative sense, it is likely that the Local Group developed at a place offset from the Council centre.
DISCUSSION
Being giant elliptical galaxies, it is likely that both Maffei 1 and Centaurus A developed strong winds during their evolution as a result of heating by massive stars and supernovae (Mathews & Baker 1971; Larson 1974; Matteucci & Pipino 2002; Pipino & Matteucci 2004; Pinsonneault et al. 2010; Côté et al. 2012) . During the SedovTaylor phase of their expansion, the winds could have shepherded gas located between the two galaxies, possibly contributing to the growth of disks in the Local Group. The winds might also have had a bearing on confining gas and triggering star formation in nearby galaxies. Stellar velocity dispersions offer a means of probing the salient details (McCall et al. 1998; McCall & Richer 2003 ).
An energy-driven wind would have developed once the gas temperature rose to the virial temperature, which is set by the potential. That temperature can be gauged today from the kinetic energy per unit mass of stars, us, assuming that dark matter dominates the mass. The velocity dispersions for Maffei 1 and Cen A are 180 ± 7 km s −1 and 126 ± 9 km s −1 , respectively, after correction to a radius equal to one-eighth of the effective radius Silge et al. 2005; Dufour et al. 1979) . Thus, the virial temperatures for Maffei 1 and Cen A are (2.4 ± 0.2) × 10 6 K and (1.2 ± 0.2) × 10 6 K, respectively. The escape velocity is supersonic at the virial temperature, and the terminal velocity of ejected gas could have been as high as three times the speed of sound, i.e., (700 ± 30) km s −1 in the case of Maffei 1 and (490 ± 30) km s −1 in the case of Cen A (Khare 1953; Pack 1953; Chevalier & Clegg 1985; Murray et al. 2005; Oppenheimer & Davé 2006) . At the time of the wind, the internal energy of gas heated by stellar processes would have been linked to the total mass of stars formed, Ms. Consequently, the virial condition for mass loss requires that the mass of gas that was ejected be proportional to Ms/us. Because the stellar mass of Cen A is 1.7 ± 0.7 times greater than that of Maffei 1, Cen A would have ejected 3.5 ± 1.6 times more gas, and the Sedov-Taylor radius would have been 1.5 ± 0.2 times larger (McKee & Truelove 1995) . If the overdensity of intergalactic baryons were comparable to or below that estimated for all matter, then the ejected gas could have expanded freely all the way to the Local Group. For example, if gas left Maffei 1 at a redshift of 2.5 or Cen A at a redshift of 5.0, it would have reached the Local Group by a redshift of 1.5, the epoch of peak star formation 9.5 billion years ago (Soifer et al. 2008) . Thus, it is feasible that gas expelled from the Council ellipticals could have influenced the baryonic evolution of disk galaxies in the Local Sheet. How well the Local Sheet retains intergalactic baryons, be they primordial or from galactic winds, depends upon its virial temperature. The virial temperature Tvir near the mid-plane of a sheet with radius R and surface mass density Σ is given by
where G is the gravitational constant, k is Boltzmann's constant, A is the mean molecular weight, and mp is the mass of the proton. Adopting a radius of 5.2 Mpc for the giant component, the estimated mean surface mass density of matter implies a virial temperature of 7 × 10 5 K and an escape velocity of 240 km s −1 . Fingerhut (2012) has suggested that there may be as much as a factor of two more mass in the Sheet than is found in galaxies, so the actual virial temperature could easily be over a million degrees. Therefore, warm gas may permeate the Sheet, but gas ejected by the ellipticals in directions at large angles to the Sheet would have escaped.
CONCLUSIONS
Properties of the Local Sheet and its Council of Giants are summarized in Table 5 . This study suggests that a structure with the geometry of the Sheet was instrumental in guiding the formation and evolution of constituent galaxies. It also suggests that a binary, or the precursor of it, can influence the angular momentum acquired by neighbouring galaxies. It is unlikely that a randomly dispersed collection of galaxies could have agglomerated into a structure as cold as the Sheet in a way which could generate an interacting pair of galaxies near the middle of a ring of galaxies with opposing ellipticals and ordered spins. Indeed, modern cosmological simulations reveal galaxies developing from dark cores fed by flows of gas along pre-existing filaments of dark matter (Danovich et al. 2012) .
Unfortunately, there is only one Local Sheet. Further insights into the formation and evolution of the Local Sheet, and particularly guidance on the interplay between the Local Group and the Local Sheet, will require the identification of like systems in the greater Universe.
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NGC 55 
NGC 2403 105 ± 11 342.6 ± 1.9 12.1 ± 2.4 (1) Name of galaxy, in order of right ascension; Longitude in rotated Sheet coordinates, in degrees; Latitude in rotated Sheet coordinates, in degrees. The natural Sheet coordinate system has its north pole (the direction of positive z) at supergalactic coordinates (L, B) = (241.
• 74±0.
• 05±0.
• 12) with the x-y plane perpendicularly offset from the Sun southward of the supergalactic plane by 129±4 kpc. The positive x-axis points parallel to the line of nodes towards L = 151.
• 74 and the positive y-axis points towards the supergalactic longitude of the north pole. In the rotated system, the x-axis has been rotated by 106.
• 74 clockwise, so longitudes of galaxies are concomitantly greater. (2) Numerical index of the morphological stage in the Revised Hubble System; Heliocentric radial velocity, in km s −1 ; Radial velocity, corrected for the Hubble flow if the heliocentric distance is beyond 1 Mpc), in the frame of reference of the luminosity-weighted centroid of the Local Group, in km s −1 . The value adopted for the Hubble constant was 71.6 km s
Optical depth of interstellar dust in the Milky Way at 1 µm; Heliocentric distance modulus on the maser scale , in mag; Method used to determine the distance modulus (C = Cepheid variables in V and I; FP = fundamental plane; P = planetary nebulae; S = surface brightness fluctuations in I; T = tip of the red giant branch in I; TF = Tully-Fisher relation). The distance to the centre of the Milky Way is from van der Marel et al. (2012) . For any distance determined using more than one method, the tabulated error is the standard deviation of the estimates. Otherwise, the error comes from propagating uncertainties in observational parameters. The uncertainty in the zero-point of the distance scale is not included. Even though M106 (NGC 4258) sets the zero-point via its masers, the uncertainty recorded for its distance is based upon the dispersion of its stellar indicators. (4) Rotated Cartesian Sheet coordinates, in Mpc. The origin is the projection of the Sun onto the plane of the Local Sheet. In this system, the luminosity-weighted centroid of the Local Group is at (X, Y, Z) = (0.124, −0.297, 0.200), and the centre of the Council of Giants is at (X, Y, Z) = (0.362, 0.718, 0.000). (5) Absolute magnitude in Ks, in mag; Absolute magnitude in V , in mag; Fully-corrected integrated B − V colour, in mag. (6) Logarithm of the stellar mass, in solar units, based upon an absolute magnitude for the Sun of 3.315 mag in Ks (the uncertainty accounts only for the error in the luminosity); Inclination to the plane of the sky, in degrees; Position angle of the line of nodes, measured in degrees eastward from north to the first limb (epoch 1950 assumed). Symbols in parentheses next to the inclination and position angle resolve the ambiguity in the orientation of the spin vector. In the case of the inclination, the symbol + (−) signifies arms open counter-clockwise (clockwise) or that the near side is at the position angle of the receding limb plus (minus) 90
• . In the case of the position angle, the symbol signifies whether the specified limb is receding (+) or approaching (−). The symbol 0 signifies indeterminate. (7) Tilt-corrected rotational velocity in the plateau of the rotation curve, in km s −1 ; Longitude of the angular momentum vector in rotated Sheet coordinates, in degrees; Latitude of the angular momentum vector in rotated Sheet coordinates, in degrees. 
NGC 6503 71.5 ± 0.9 73.8 ± 1.2 72.7 ± 1.1 121.0 ± 1.0 120.6 ± 0.9 120.8 ± 0.5 NGC 6946
33.2 ± 1.1 32.6 ± 1.0 32.6 ± 1.0 69.0 ± 5.0 62.7 ± 1.0 65.9 ± 3.2 6 IC 5052
85.7 ± 3.2 · · · 85.7 ± 3.2 140.0 ± 1.0 · · · 140.0 ± 1.0 NGC 7793 53.8 ± 1.5 49.6 ± 1.0 51.7 ± 2.1 99.3 ± 1.1 110.1 ± 1.0 104.7 ± 5.4
(1) Name of galaxy, in order of right ascension. (2 Notes: (1) highly inclined; (2) tilt from relative scale heights of different populations; (3) near face-on; (4) tilt derived from Tully-Fisher relation in Ks; (5) intrinsic axis ratio uncertain; (6) heavy extinction; (7) complex velocity field; (8) disturbed or warped; (9) gas captured; (10) non-circular motions and isophotes; (11) properties are for PNe in spheroidal component. (1) Mass of Council relative to mass of Local Group; (2) Radius of boundary of Local Group, in Mpc; (3) Radius of outer boundary of Council, in Mpc; (4) Factor by which mass of Local Group judged from timing exceeds that derived by density matching. (5) Fraction of mass of galaxies which is stellar relative to cosmic fraction of matter which is baryonic as judged from density matching alone (without correcting for the overdensity). a Mstars/LKs derived from B − V using algorithm of Portinari et al. (2004) ; M total /Mstars fixed; cylindrical geometry; Council boundaries equidistant from Council. b Mstars/LKs set to baseline value for B − V = 0.6. c Relative values of total mass constrained by trends in M total /Mstars with Mstars as revealed by weak lensing (Velander et al. 2014) . d Council boundaries defined by mass-matching. 
